Introduction
Tracheal stenosis occurs most commonly following intubation trauma, tracheotomy, or neck injury. Additional etiologies include benign and malignant neoplasms and inflammatory or systemic autoimmune diseases [1] . The subglottic area is most sensitive to intubation trauma due to its flaccid areolar tissue that readily becomes edematous, in contrast to the circular cricoid cartilage, which prevents the expansion of the edema to the surrounding tissue [2] .
Although numerous studies describe various treatment modalities, there is no standard approach to laringoracheal stenosis. Endoscopic treatment includes laryngeal microsurgery, laser-assisted excision, traditional dilation and endoscopic stent insertion, while external surgical treatment comprises a wide range of techniques such as tracheal resection and anastomosis or laryngotracheal reconstruction. In order to maintain laryngotracheal patency, a Montgomery Safe T-tube may be used as a single dilation treatment or in association with endoscopic and/or open-neck surgery [3] .
Materials and Methods
We retrospectively analyzed 15 patients with Myer-Cotton grades 2-3 circular cicatricial tracheal stenosis between 2002-2012 at the Department of Otorhinolaryngology in Faculty of Medicine of İzmir Katip Çelebi Universty Atatürk Training and Research Hospital. Most surgeries were performed by experienced surgeons. These patients evaluated according to age, gender, etiology, duration of intubation, location and size of the stenotic segment on computed tomography (CT), follow-up time with T-tube, the complications that occured after T-tube removed and additional tracheal surgery. This study approved by ethics committee Faculty of medicine of İzmir Katip Çelebi Universty Atatürk Training and Research Hospital. We assessed the location, length and anterior posterior diameter of the stenosis by multiplanar reconstructive computed tomography and observed directly or indirectly with a flexible or rigid laryngoscope before surgery. These patients underwent tracheotomy and a Montgomery T-tube was applied either during or after tracheotomy as the first treatment choice. The T-tubes were inserted by an experienced anesthesia team.
Technique of Stent Insertion
T-tube insertion was performed in the operating theatre under general anaesthesia. The patient was ventilated through the stoma. As a first approach using standard direct suspension microlaryngoscopy, we performed dilatation of stenosis by inserting intubation tubes from 5 to 8 mm diameter. When dilatation was insufficient, the cuff of the endotracheal tube was inflated and the stenotic zone was dilated. After the appropriate T-tube had been selected according to the length of the stenosis, the T-tube ends were crimped onto itself and clamped, a suture was stitched at the upper side of the tube and its upper end was pulled up after securing the aspiration catheter inserted into the laryngeal blade. After extubation, the gauze was pulled out through the mouth until the inferior intraluminal end of the T tube disappeared into the trachea. Then, the distal end of the tube was placed. After T tube placement, a flexible endoscope was passed through the tube lumen to assess whether the distal end entered the stenotic segment and the upper end ends were <1 cm from the vocal folds. After closing of the external legs of the T-tube, the patients were followed-up weekly. In the first 10 cases, we left the external end of the tube out of the tracheotomy incision. However, in the final five cases, we shortened the external leg of the tube to the level of the trachea, closed the cap, and buried the end of the tube under the skin to prevent contamination by the outer flora and to allow the patient to return to social activities in a shorter time period (Figure 1) . Ttubes were removed an average of 6 months later, depending on the health status of the individual patient. After tube removed, the patients were assessed closely for restenosis over a 1-month follow-up period. We evaluated complications and additional interventions during and after T-tube insertion. Between the effect of entubation time, length and localization of stenosis, T-tube length of stay and recovery of stenosis evaluated by Pearson correlation analysis.
Results and Analysis
Ten patients were male and five were female. Average age was 43.40 ± 14.4 years. The etiology was long-term intubation, except for two patients, and the average intubation time was 12.80 ± 7.5 days. In one patient, a Caesarean section was thought to be the cause and one other had had progressive dyspnea since childhood.
In 12 (80%) patients, the stenotic segment was detected in the subglottic area at the cricoid cartilage, in 1 (6, 6%) patient at both the cricoid and cervicothoracic tracheal segment and in 2 (13, 3) patients at the cervicothoracic segment. The average length of the stenotic seg- ment was 19.0 ± 4.7 mm and the anterior posterior diameter was 6.47 ± 1.8 mm. The average T-tube follow up period was 6.0 ± 6.6 months, which varied according to the general health condition of the patient ( Table 1) .
In one patient, bacterial colonization occurred in the external end of the tube. The infection was resistant to treatment, so no additional application could be made and the patient quit the follow-up after 7 months with a T-tube. In three cases, granulation tissue formed around the tracheotomy. This tissue was removed and topical AgNO 3 cauterization yielded positive results. In one patient, tracheomalacia occurred at the upper cartilage rings. This case was considered tracheomalacia despite repetitive T-tube applications, costal graft reconstruction and anastomosis; lastly, the T-tube was applied and its external end was buried subcutaneously. In one patient, the T-tube was inserted at the laryngeal stenosis after the end to end anastomosis in tracheal stenosis this called double stenosis. This patient was accompanied the aspiration. To prevent this, the posterior part of the upper T-tube was left high so as to fit into the arytenoids, and the front part was shortened so as to extend below the vocal cords, resolving the aspiration. Accumulation of tracheal secretions occurred in the five cases in whom the T-tube was subcutaneous burried. These patients were treated with drainage and daily dressings. Stenosis were recovered in three cases (21, 4%) after T-tube excision and restenosis occurred in the other four cases (28.5%). Long term pal- 
Discussion
Predisposing factors for tracheal stenosis related to the endotracheal tube include a wider tube diameter, longer intubation time, continuous movement of the tube in the tracheal lumen, and difficult intubation. Other etiologies include traumatic and nonsterile aspiration, emergency cricothyrotomy, high-level tracheotomies and mechanical ventilation [1] . Some studies claim that tracheal damage begins 17 hours in adults and 1 week in infants following intubation [2] . One of our patients developed tracheal stenosis after just 1 hour of general anesthesia for a Caesarian section despite other patients being intubated for 7 -27 days.
Stenosis usually occurs in the cricoid cartilage or in the first tracheal ring due to overinflation of the tube cuff, leading to necrosis. Tracheal stenoses arise frequently on or directly below the vocal cords on the superior side and in the first tracheal ring or directly below it on the inferior side [4] . Another cause of tracheal stenosis is tracheotomy. Tracheotomy-induced stenosis is classified as stomal, suprastomal, intermediate or distal [5] . In 12 (80%) of our cases, the stenosis occurred in the subglot-tic area at the cricoid ring level, at the T1-T2 level right below the tracheotomy line in 2 (13, 3%) cases, and 1 (6, 6%) case had stenosis in both the cricoid ring and below the tracheotomy. Myer and Cotton divided tracheal stenoses into four categories based on the degree of obstruction: Grade 1 corresponds to <50%; Grade 2, 50% -70%; Grade 3, 70% -99%; and Grade 4 is total obstruction [6] . A 50% reduction in the airway causes exertion dyspnea and a 75% reduction causes dyspnea at rest. Typically in adults, a decrease of the anterio-posterior diameter to 8 mm causes exertion dyspnea and to 5 mm causes dyspnea at rest [7] . Our cases were grades 2 and 3 according to the Cotton classification, with an average anterio-posterior diameter of 6.47 ± 1.846 mm. All of the patients had dyspnea even while at rest.
In reality, tracheal resection and anastomosis is considered the treatment of choice for tracheal stenosis [8] . However, when the glottis and/or the subglottis are also involved this surgical approach may not be applicable; moreover, it may not be feasible due to the extent of the stenosis, underlying disease and general health of the patient. Currently, many procedures are available and consist essentially of splitting followed by reconstruction using cartilage or bone. Endoscopic treatment includes laryngeal microsurgery, laser-assisted excision, traditional dilation and endoscopic stent insertion [9] .
In cases of longer stenoses, cardiac or additional airway problems exist and stenosis involved glottis/subglottis tracheal stents are a plausible means of providing a permanent or temporary airway opening [10] . Various endotracheal tube types like Montgomery T-tube, Aboulker, Dumon and Cotton Lorenz exist. Metallic and silicone endotracheal tubes can be placed endoscopically without tracheotomy but have a disadvantage of obstruction of the endoluminal stents in patients with disabled cough reflex and laryngotracheal stenosis.
Difficulties in application of expandable metallic stents make these stents not suitable for short term relief of airway obstruction and migration of the stent in the airway is a disadvantage of the sillicon Dumon stents [11] .
The silicon rubber T-tube developed by Montgomery in 1965 has proven widely beneficial in tracheal surgery. The T-tube has three legs of different diameters and lengths. Tracheotomy is needed to insert the T-tube, which can be performed concurrently with surgery, or later to allow completion of stomal epithelialization. The external opening can be left open for ventilation and cleaning but can also be closed for voice and ventilation. Caretta et al. conducted a 158-case study which found that the Montgomery T-tube could be used primarily or complementary to surgical treatment and can be an effective alternative when other stents are unsuccessful [12] . Thus, we use primarily the Montgomery T-tube in our clinic when stenting is desired.
The T-tube is generally well-tolerated. It can be left in situ for years but sometimes must be changed due to infection, granulation, etc. Complications include infection or granulation at the end contacting the skin, granulation tissue under the cords at the upper side, and bacterial colonization or crust formation in the lumen. There is also a risk of tracheomalacia in areas in contact with the tube edges [13] . The tube became colonized with resistant bacteria in one patient, and we found granulation tissue around the tracheotomy site in three patients, and tracheomalacia in one.
The subcutaneous burying procedure, described by Keszler in 1987, allows the patient to return to his/her social life earlier [14] . Cooper performed this procedure in 47 patients in 1989 and reported satisfying results [15] . We experienced no problems except collection of tracheal secretions in first cases in which we applied this procedure. We treated these patients with drainage and frequent dressing and rotated sternotyroid muscle fleb on tracheotomy site in later patients. In our burying procedure we have not observed any crusts or infections in the tube lumen because we have prevented outside contamination towards the lumen of the tube.
T-tube excision time varies according to the surgeon's decision, severity of the lesion, and problems relating to control and adaptation of the patient. Gaissert et al. applied T-tubes to 16 patients and left them in place for 20 months [16] . Morshed et al. left T-tubes in place for 3 -60 months [17] . Our T-tube duration was 2 -27 months (mean, 6.0 ± 6.665 months), depending on the clinical condition of the patient.
Liu et al. reported regression in tracheal stenosis after T-tube removed in 28 of 53 patients (52%) [18] . Maniglia applied the T-tube in 53 adult patients with tracheal or subglottic stenosis or both, and reported achievement of a sufficient airway in 85% [19] . Five of our cases (33, 3%) were decanullated after T tube removed and three patients (20%) were decanullated after additional surgeries too. This rate is lower than those reported in the literature, possibly due to ongoing follow-up with three cases and that some cases required a long-term stending T-tube due to their clinical condition.
Conclusion
For tracheal stenosis, tracheal resection and anastomosis is widely considered the treatment of choice. However, this surgical approach is not feasible when the glottis and subglottis are involved or in patients with poor general condition. We prefer the T-tube first treatment in patients with grades 2-3 circular cicatricial tracheal stenosis in the Myer-Cotton classification. We follow our patients for an average of 6 -9 months and make additional applications in following sessions when necessary. Given the complexity of tracheal surgery, we feel that noninvasive Ttube application should be initially attempted in tracheal stenosis. The subcutaneus procedure is with more cases and longer follow-ups, and we think this technique would be more efficient, since the absence of the outer part of T-tube enables more infection and granulatiın tissue-free environment; also better cosmetic and social outcomes for the patients. After discharging, we also do a monthly follow up. None of our patients had a life threatening complication.
